Purpose: To identify variables associated with driving in patients with epilepsy and their association with traffic accidents. Methods: Binary logistic regression analysis was performed to determine the independent association between demographic and clinical variables and driving in 144 outpatients with epilepsy. Traffic accidents caused by seizures were also analyzed. Results: Sixty-eight patients (47.2%) drove after the diagnosis of epilepsy. Among these patients, 67.6% drove in the last 12 months, 89% of whom did so in spite of uncontrolled seizures. Driving was independently associated with male sex, higher income, occurrence of simple partial seizures, age at epilepsy onset over 18 years and monotherapy treatment. Seventeen patients (only male) had accidents due to seizures, which were independently associated with lower education and age at epilepsy onset over 18 years. Conclusions: Identification of variables associated with driving and traffic accidents may help to minimize risks and improve the quality of life of patients with epilepsy.
Introduction
Epilepsy comprises a spectrum of neurological disorders with clinical features and prognoses that vary widely, affecting 0.5-1.0% of the general population and involving individuals of all ages [1, 2] . Epilepsy may promote limitations and restrain activities, interfering with the occupational ability, professional goals and social integration of patients [1] . A condition that may significantly affect patients with epilepsy (PWE) is the restriction for driving motor vehicles, since it may impair their independence, employability and quality of life [3] . People with epilepsy may have their ability to drive affected due to impairment of consciousness during epileptic events or due to adverse effects of antiepileptic drugs, such as diplopia, vertigo, somnolence and tremors [3] .
Currently, there are numerous state and national laws that allow PWE to drive based on a seizure-free period and medical evaluation [4] . However, these laws vary widely from country to country and even from different regions of the same country [3, 5] . To drive legally in Brazil, PWE must be seizure free for at least 12 months, receive a favorable opinion from their attending physician and be fully adherent to treatment [6] .
Several studies showed that about 20-36% of PWE drive regardless of uncontrolled seizures, not being in accordance with local legal restrictions [4, 7, 8] . Few studies have addressed the factors associated with driving by PWE and their association with accidents [4, [7] [8] [9] [10] .
This study assessed the driving status of PWE in secondary and tertiary health centers in Florianópolis city (Southern Brazil) and analyzed socio-demographic and clinical variables of PWE who drive and their association with traffic accidents.
Methods
One hundred forty-eight adult patients (over 18 years old) with epilepsy were recruited between November 2010 and September 2011 from the Epilepsy Center of Santa Catarina (CEPESC), Governador Celso Ramos Hospital (HGCR) and the University Hospital of Federal University of Santa Catarina (HU-UFSC), Florianópolis city (Southern Brazil). Four patients refused to participate. All patients were diagnosed with epilepsy according to the criteria proposed by ILAE [11] [12] [13] [14] , based on clinical history, seizure semiology and electroencephalogram.
The demographic and clinical data, driving status and involvement in automobile accidents were obtained from medical files reviews and patient interviews done according to a semi-structured questionnaire. This questionnaire was elaborated and completed by the researchers, based on previous studies, supplemented and adapted to the Brazilian population, tested and refined in a pilot study with ten patients.
Illiterate patients or those with cognitive deficit that would potentially compromise their understanding of the questions were excluded as well as patients with suspected psychogenic seizures.
This study was conducted in accordance with the Helsinki Declaration, with the approval of the Ethics Committee for Human Research at both institutions (HGCR and HU-UFSC). All participants signed an informed consent form prior to inclusion in the study.
Statistical analysis
Demographic and clinical variables of patients and accidents due to seizures were submitted for descriptive analysis. Initially, an analysis was performed to determine the association between demographic and clinical variables (independent variables) and the act of driving motor vehicles after the diagnosis of epilepsy (dependent variable). The following independent variables were analyzed: gender, age, educational level, income, age at epilepsy onset, employment, presence of focal seizures without impairment of consciousness or awareness allowing self-protection, the occurrence of generalized tonic-clonic seizures, seizure frequency in the last year, pharmacologic treatment, knowledge of the Brazilian driving law and being instructed about driving restrictions. The magnitude of association between each independent variable and the act of driving after diagnosis of epilepsy was measured by the odds ratio (OR) and 95% confidence interval (CI). Crude and adjusted ORs were estimated by unconditional binary logistic regression.
Afterwards, a second analysis was performed to determine the association between demographic and clinical variables of patients who have driven after the diagnosis of epilepsy (independent variables) and their association with traffic accidents (dependent variable). Since no woman was involved in a motor vehicle accident and the presence of null values prevents the calculation of OR, this analysis included only male patients. The magnitude of association between each independent variable and accidents was measured by the OR and 95% CI. Crude and adjusted ORs were estimated by unconditional binary logistic regression. The analysis was performed using SPSS software version 17.0.
A third analysis was conducted to explore the influence of male sex in traffic accidents due to seizures, comparing clinical, demographic and driving aspects of male and female patients who drove after the diagnosis of epilepsy.
Results
One hundred and forty-four patients were included in the analysis. Seven patients (4.9%) had a genetic epilepsy syndrome. Twenty-eight percent of patients who drove after the diagnosis did not have a driver's license, and 45 patients (32.8%) with uncontrolled seizures in the last 12 months were licensed to drive. Sixty-eight patients (47.2%) drove after the diagnosis of epilepsy. Among these patients, 46 (67.6%) drove in the last 12 months, 89% of whom did so in spite of uncontrolled seizures.
The univariate analysis showed a significant and positive association (p ≤ 0.05) between driving after the diagnosis of epilepsy and the following variables: male sex, monthly per capita income above $230.00, age at epilepsy onset over 18 years, regular employment status, presence of focal seizures without impairment of consciousness or awareness allowing self-protection, frequency of seizures of b1/week in the last year, monotherapy with antiepileptic drugs, knowledge of Brazilian law about driving and epilepsy and being instructed about driving restrictions. Table 1 presents the final model of multiple logistic regression of variables independently associated with driving after the diagnosis of epilepsy. There was an independent association between driving after diagnosis of epilepsy and the following variables: male sex, monthly per capita income higher than $230.00, age at epilepsy onset over 18 years, presence of focal seizures without impairment of consciousness or awareness allowing self-protection and pharmacologic treatment with monotherapy.
Only men were involved in accidents due to seizures in our sample. Seventeen patients (31%) were involved in accidents, and of these, 29.4% had more than one accident. All accidents were caused by seizures with loss of consciousness. Among the patients who had seizures with loss of consciousness at the wheel, 65.4% had accidents. In order to determine the association with traffic accidents, some Table 1 Binary logistic regression analysis showing the variables independently associated with driving after diagnosis of epilepsy.
Variables
All cases (n = 144) variables were added to the ones already described above: possession of driving license, years of traffic exposure after diagnosis, hours of traffic exposure per month and the occurrence of traffic accidents not associated with seizures. Univariate analysis showed a significant association between involvement with accidents due to seizures and less than 8 years of education (p = 0.02) in addition to a nonsignificant trend with respect to age at onset of recurrent seizures over 18 years. Table 2 demonstrates an independent association between involvement in traffic accidents and lower education (p = 0.02) and age at epilepsy onset over 18 years (p = 0.05).
In order to explore the influence of male involvement in accidents due to seizures, we performed a comparative analysis between clinical, demographic and driving aspects of male and female patients who drove after diagnosis. The clinical and demographic variables analyzed were the same described in the first analysis, and there were no statistically significant differences. The driving aspects analyzed are represented in Table 3 . There was a statistically significant difference with respect to years of traffic exposure after diagnosis, being longer in males (p = 0.04).
The characteristics of 26 traffic accidents are summarized in Table 4 . Only one accident occurred after the driver had been seizure free for one year. The patients had focal seizures without loss of consciousness before 23% of accidents, and the main reason they could not avoid them was the apparently false belief that they would not lose awareness with seizure progression. Thirty-five percent of accidents resulted in injuries to the driver, and 15% resulted in injuries to others. There were no confirmed deaths; however, in three accidents (11.5%), the occurrence of injuries or deaths was unknown to the driver. 
Discussion
Our study demonstrated a high prevalence of driving among PWE, even without being seizure free for at least one year (period required by Brazilian law for driving).
The variables independently associated with driving after the diagnosis of epilepsy were male sex, higher monthly per capita income, age at epilepsy onset over 18 years, occurrence of focal seizures without loss of consciousness allowing self-protection and antiepileptic treatment with monotherapy.
Few studies have evaluated the association between having focal seizures without loss of consciousness allowing self-protection and driving, and they did not find an independent association [8, 9] . In our sample, this variable was associated with driving after the diagnosis of epilepsy and could be a factor that promoted a sense of safety for patients, influencing their option to drive.
The onset of epilepsy after age 18 as a factor associated with driving may be due to the legal age for driving in Brazil, which leads to a greater likelihood that patients have begun to drive before recurrent seizures and have chosen to maintain this habit or because the epilepsy syndrome onset before 18 years caused greater impairment of quality of life of individuals and the formation of their personality, preventing them to aim for more independent lives. Previous studies that evaluated the age at onset of recurrent seizures related to driving found no statistically significant association [4, 7, 8] .
This analysis also showed a tendency toward an independent association between driving after diagnosis of epilepsy and two variables: knowing the Brazilian law and being instructed about driving restrictions. This study did not quantify the point at which the patient was informed about the law or was instructed about driving restrictions (whether before or after the start of driving). This result, therefore, may reflect the need for guidance by the doctor when becoming aware that the patient was driving.
More than half of the patients who drove after diagnosis had a seizure while driving a motor vehicle. Among the patients who had seizures with loss of consciousness at the wheel, two-thirds had accidents due to the seizures, a value similar to that found in the study by Berg et al. [7] .
Only men had accidents due to seizures. The only variable that showed a statistically significant difference between male and female drivers was the traffic exposure time after epilepsy diagnosis measured in years, which was longer in male patients. The increased risk of traffic accidents in men compared to women could be at least, in part, due to longer traffic exposure in men. However, considering only the male sample, there was no significant association between traffic exposure time and occurrence of accidents. All accidents caused by seizures were associated with consciousness impairment, which demonstrates the expected risk of clouding of consciousness and accidents.
In our sample of men, the variables independently associated with accidents were lower educational level and age of epilepsy onset over 18 years. Unlike previous studies [10, 15] , there was no statistically significant association between seizure frequency, previous accidents not related to seizures and use of mono-or polytherapy and the occurrence of accidents. As in the study by Taylor and colleagues [15] , we did not find a significant negative association between accidents and the occurrence of focal seizures without loss of consciousness allowing selfprotection. We believe that it is not possible to exclude the occurrence of type II error due to the small number of patients in our sample.
Only one driving-related accident occurred after more than 12 months without seizures. The predominance of accidents in people with uncontrolled seizures was seen in previous studies [7, 8] . Drazkowski and colleagues [16] , however, showed that the rate of accidents due to seizures in Arizona, USA did not increase after reduction of the minimum seizure-free period required for driving from 12 to 3 months [16] .
Some factors in this study demonstrate problems with the current law in Brazil. Thirty percent of patients with uncontrolled seizures (seizures not controlled for more than 12 months) drove in the last year in this sample, similar to that found in previous studies [7, 8] . About a third of patients with uncontrolled seizures said that they had a driver's license, similar to that found in the study of Berg et al. [7] but lower than that reported in other studies [8] . On the other hand, 28% of patients who drove after diagnosis were not licensed. Only two patients who tried to get their license failed for reasons unrelated to the traffic department (because the driving school did not allow and because the patient failed the written test). The majority of patients (76.7%) evaluated for a driving license after the diagnosis of epilepsy omitted this diagnosis to get their license. These numbers were similar to that found in another Brazilian study from Campinas [17] and well above those found in the study of Elliott and Long [18] , where only 19% said that they had omitted this information [18] .
The descriptive aspects of accidents also call attention to the noncompliance with the Brazilian law because the vast majority of patients who had accidents (94%) were instructed about driving restrictions. Only one accident occurred after one year of being seizure free, which means that 96.2% of the accidents occurred with drivers in violation of the Brazilian law, which requires a period of 12 months seizure free for driving. This analysis also makes clear the difficulty of monitoring the frequency of this type of accident, since the majority of accidents and the occurrence of seizures were not reported to the police or traffic department. Most patients did not stop driving after the accident (73%), which shows a great need to maintain driving or a poor perception about the risk they take. This study has some limitations. The sample included patients from secondary and tertiary care settings who are known to have seizures that are more difficult to control. The results cannot be generalized to all people with epilepsy. However, due to a paucity of data on this subject in the Brazilian population, this information becomes valuable, especially to guide longitudinal, prospective and interventional future studies. The analysis of this study was based on data collected directly from patients, and there is no guarantee that they have not omitted information. Therefore, the results can be more conservative than reality.
As previously demonstrated in studies from other countries, our data showed that many patients continue driving even with uncontrolled seizures, and that the occurrence of seizures at the wheel or the occurrence of accidents due to seizures does not seem to inhibit this behavior. The lack of knowledge about the law that regulates driving for patients with epilepsy highlights the need to promote greater awareness to doctors and patients about the subject. There is insufficient information regarding what kind of instructions the patients had received and when they receive these instructions.
Another important aspect is the lack of control of the traffic department with respect to driving capability of PWE, their health problems and the accidents caused by these problems. As the compulsory report of patients to authorities may interfere with the doctor-patient relationship, we believe that education and ensuring access to quality public transportation would be good alternatives.
Patients experience lack of support from authorities, and many feel punished by the limitations imposed on them by epilepsy. Considering high worldwide prevalence of epilepsy, it is necessary to develop new studies to broaden the discussion on the subject and find alternatives that maintain the productivity and quality of life of patients, without increasing the risks to which they expose themselves and others.
